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® Polyethylene tereptithalate-based meltblown nonwoven fabric and process for producing the same. 

® Provided is a polyethylene terephthalate-based meltblown nonwpven fabric connprising a mixed polymer 
comprising 75 to 98% by weight of polyethylene terephthalate and 2 to 25% by weight of a polyolefin. The 
meltblown fabric has excellent thermal resistance, dimensional stability, strength and hand. Also provided is a 
process for producing a polyethylene terephthalate-based meltblown nonwoven fabric, which comprises melt 
blowing a mixed polymer comprising 75 to 98% by weight of polyethylene terephthalate and 2 to 25% by weight 
of a polyolefin. It is preferable that the melt blowing is conducted at a single orifice throughput of 0.2 to 1.0 
g/min and under an air-jet pressure of 0.1 to 1 .0 kg/cm^. 
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Technical Field 

The present invention relates to a nonwoven fabric suitable for various uses, such as waddings, filters 
and substrates for transdermally delivered drugs and, more specifically, to a polyethylene terephthalate- 
5 based meltblown nonwoven fabric suitable for these uses and having excellent dimensional stability, thermal 
resistance and hand. 

Background Art 

70 Melt-blowing process comprises extruding a molten polymer through orifices, attenuating the extrudates 
into fibers by action of high-temperature high-speed gas that blows from near the orifices and collecting 
them on a belt conveyer comprising a wire net or the like, thereby forming a nonwoven fabric. This process 
is known to be capable of directly producing nonwoven fabrics comprising microfine fibers that cannot be 
produced by other processes. One of the features of the melt-blowing process is to extrude a polymer with 

75 its melt viscosity being about one order lower than that employed upon conventional melt spinning of 
general-purpose fibers. It is then become necessary either to use a polymer having a lower degree of 
polymerization than those used for conventional melt spinning or to elevate the temperature of the polymer 
being extruded. Any polymer satisfying the above conditions and having threadability, i.e. fiber formablility, 
can be used for producing meltblown nonwoven fabrics. There are thus currently piroduced meltblown 

20 nonwoven fabrics comprising various poiyolefins, polyamldes, polyesters, polyurethanes or the like. There 
is. however, almost no production of meltblown fabrics comprising polyethylene terephthalate (hereinafter 
referred to as "PET"), which is a representative of polyesters and generally has advantages in view of good 
qualities and low cost. 

This is because of low crystallization rate of PET as compared with other crystalline polymers being 
25 used for meltblown fabrics. When extruded under the usual meltblowing conditions, PET does not increase 
the crystallinity sufficiently, although it can be attenuated into fibers with no problem. Then, the resulting 
fibers have low thermal stability and. when placed under relaxed condition at a temperature exceeding 70- 
80* C, i.e. one exceeding the glass transition temperature of the polymer, shrink to a large extent, which is a 
very serious problem for practical purposes. Japanese Patent Application Laid-open No. 45768/1991 
30 proposes to solve the above problem a process which comprises appropriately heat treating under tension 
the web having been meltblown and collected on a belt conveyer, thereby appropriately increasing the 
crystallinity. This process, however, requires an additional heat treatment step and. at the same time, yields 
a nonwoven fabric having lower strength and being more rigid than other meltblown nonwoven fabrics from 
conventional readily crystallizable polymers. This is considered to be due to the tendency of meltblown 
35 polyethylene terephthalate to generate spherulites. ^ k: ^ Q 



Even with PET, employment of very specific conditions realizes production of a^web having an areal 
shrinkage of not more than 10% in spite of the constituting fiber having crystalliz^ieno a low crystallinity, as 
described in Japanese Patent Application Laid-open Nos. 90663/1980 and 201564/1989. 

Thus, ^Japanese Patent Application Laid-open No. 90663/1980 discloses a process which comprises 

40 blowing high-pressure air (1 .5 to 6 kg/cm^) through an air gap having a narrow clearance of 0.2 mm or so. 
The process further comprises permitting the crystallization of the polymer leaving the orifice to progress 
by maintaining its intrinsic viscosity h] at least 0.55, preferably at least 0.6. To this end, it is necessary to 
extrude the polymer at a viscosity (at least 500 poises) considerably higher than the melt viscosity range 
that assures good melt-blowing condition of the polymer. The PET meltblown fabric thus obtained has good 

45 properties, such as strength, hand and thermal resistance. In commercial production with a machine having 
a width of at least 1.5 m. it is, however, difficult to maintain such a narrow gap clearance of less than 0.3 
mm uniform throughout the machine width. There would occur uneven air blow widthwise, thereby 
generating uneven attenuation of polymer extrudates and further variation of secondary air flow accompany- 
ing the extrudates. As a result, there occurs in the web collected on a belt conveyer a continuous weight 

50 unevenness that resembles a wind-wrought pattern on the sand so that it becomes difficult to continue the 
operation. 

In addition, the high pressure of at least 1.5 kg/cm^ of the primary air produces a large cooling effect 
due to adiabatic expansion. Then the PET extrudates are readily cooled and the high melting point of PET 
makes it difficult to produce pseudo-adhesion between the microfibers that formed. Consequently, the 
55 microfibers being collected onto the conveyer tend to scatter so that the collecting operation becomes 
unstable. This tendency becomes more marked with increasing polymer throughput per orifice arid 
increasing volume of the primary air. Furthermore, with the conditions of high single orifice throughput 
under high pressure and high viscosity, shots (polymer particles) and nozzle soiling increase so that it 
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becomes difficult to continue a long-period stable operation. To avoid this problem, a low throughput 
condition (0.1 to 0.2 g/orifice* minute is necessarily employed, which lowers the productivity. 

The process disclosed in Japanese Patent Application Laid-open No. 201564/1989 comprises jetting 
high-pressure secondary air through a narrow gap having a clearance of not more than 0.2 mm, and further 

5 using a long chamber for orientation having a length of at least 1 meter. Accordingly, this process also 
encounters large difficulty upon practicing with a large-width equipment on an industrial scale. 

Under the above-described circumstances, no PET meltblown nonwoven fabrics are commercially 
produced today and costly polybutylene terephthalate, which has high crystallization rate and is hence free 
from the above difficulties, is used, as the only representative of polyesters, for producing meltblown 

70 . nonwoven fabric. 

Japanese Patent Application Laid-open No. 99058/1985 proposes a process which comprises melt 
blowing PET In combination with another polymer. In this process, PET and PP are separately melted at 
different temperatures and then joined at the spinneret part, thereby fonming microfine side-by-side 
composite fiber. In the usual melt spinning of general-purpose fiber, it Is relatively easy to provide an 

75 equipment capable of joining 2 polymer flows at the spinneret part. With spinnerets for melt-blowing 
purpose, which must include passages for blowing air and have arranged orifices in substantially one line 
only, provision of such joining device however renders the entire spinning head too complex so that the 
number of orifices should be extremely reduced, thereby decreasing the productivity. Furthermore, the 
microflber obtained by this process is, like those in meltblown fabrics comprising PET only, not provided 

20 with increased crystallization rate. As a result, the thermal stability of such fiber is not improved. 

In view of the above problems, the present inventors have made intensive studies to obtain, using PET, 
stably and efficiently, a meltblown nonwoven fabric having the excellent properties of PET, and completed 
the invention. 

25 Disclosure of the Invention 

Accordingly, an object of the present invention Is to provide a meltblown nonwoven fabric having all 
properties regarding the high strength, thermal dimensional stability and good hand with flexibility of PET. 

Another object of the present invention is to provide a process for producing the above meltblown 
30 nonwoven fabric stably and efficiently. 

The present Invention provides a polyethylene terephthalate-based meltblown nonwoven fabric compris- 
ing a mixed polymer comprising 75 to 98% by weight of polyethylene terephthalate and 2 to 25% by 
weight of a polyoiefin. 

The present Invention also provides a process for producing a polyethylene terephthalate-based 
35 nonwoven fabric, which comprises melt blowing a mixed polymer comprising 75 to 98% by weight of 
polyethylene terephthalate and 2 to 25% by weight of a polyoiefin. 

Best Mode for Carrying Out the Invention 

40 The key feature of the present invention lies in obtaining at high productivity a meltblown nonwoven 
fabric comprising microfine fibers and having excellent dimensional stability, thermal resistance and hand. 
The invention is explained in more detail now. 

PET cannot give a meltblown fabric with small thermal shrinkage unless melt-blowing operation is 
conducted at higher viscosity and with air under higher pressure than these melt-blowing conditions 

45 employed for other readily-crystallizing polymers such as polypropylene. As described before, stable 
operation with high productivity is Impossible under such strict conditions. The present Inventors have 
studied to solve these problems while using a comparatively low pressure air. It has been found that 
blending with PET an appropriate amount of a polyoiefin. which Is incompatible with PET and has high 
crystallization rate and sufficiently low melt viscosity, can produce "viscosity-reducing effect" that de- 

60 creases the melt viscosity of the entire blend, which facilitates attenuation of PET into fibrous form, thereby 
being able to obtain the desired meltblown nonwoven fabric. If a polymer having similar chemical structure 
to that of PET, such as PBT which is also classified as a polyester, is blended with PET, the object cannot 
be achieved. This Is considered to be due to the fact that similarity of chemical structure inhibits the 
crystallizing function of the two component. Blending of 2 to 25% of a polyoiefin was found to be most 

55 effective for achieving the above object. Examples of the polyoiefin are polyethylene (particularly LL-PE). 
polypropylene (PP) and polymethylpentene (PMP), among which most preferred are polypropylene and 
polymethylpentene which give good fiber formability under low melt viscosity conditions. Further among 
various polyolefins those having a tow melt viscosity are preferred for production of sufficient "vlscosity- 
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reducing effect". Thus, for example in the case of polypropylene, preferably used are those having a melt 
index at 230 • C of at least 1 00. 

The mechanism, in the present invention, of providing a nonwoven fabric having good thermal 
dimensional stability is that blending 2 to 25% of a polyolefin with PET decreases the melt viscosity of the 

5 entire blend so that the polymer extrudates can be attenuated into fibers even by the comparatively weak 
force exerted by a low-pressure air of not more than 1.0 kg/cm^. The polyolefin blended is present in the 
form of minute islands dispersed in the continuous sea of PET. and each of the islands crystallizes 
separately to a suitable extent. The multiplicity of the thus crystallized Islands constitute, when the 
meltblown fabric is heated, restricting points that suppress movement of amorphous molecules, thereby 

10 preventing the nonwoven fabric from shrinking to a large extent. Differential thermal analysis on the 
meltblown fabric reveals presence of crystal-melting endothermic peaks each corresponding to PET and the 
polyolefin used. 

If the polyolefin is blended in too small an amount, the melt viscosity of the entire blend will not 
decrease sufficiently and cause the following troubles. That is, it becomes difficult to attenuate by a weak 

7S force of low pressure air the extruded masses sufficiently Into fibers. Even when the air is blown In a 
considerably large amount, orientation crystallization of PET does not proceed smoothly. As a result, the 
obtained nonwoven fabric, having small thermal shrinkage though, suffers sticking between fibers when heat 
treated by heat calendering or the like at a temperature of not lower than the glass transition point of PET, 
thereby becoming of a paper-like, rigid hand. A still larger amount of the air blown tends to cause the fibers 

20 in the collected web to scatter so that it becomes difficult to collect the fibers stably. In view of the 
foregoing, the lower limit of the amount blended of the polyolefin used is 2% by weight. On the other hand, 
If the blend ratio of a polyolefin is too large, it will become difficult to disperse the polyolefin uniformly and 
finely in PET. Then, the fiber formability will, like In the case of conventional blend spinning, decrease and 
the extruded masses will not be sufficiently attenuated, thereby causing frequent fiber breakages and 

25 rendering it difficult to obtain a meltblown nonwoven fabric stabty. Such being the case, the amount blended 
of the polyolefin used should be not more than 25% by weight, preferably not more than 20% by weight. 

It is necessary to disperse the polyolefin in PET finely and nearly homogeneously. This is because 
presence of the polyolefin in the form of large blocks in PET due to nonuniform blending tends to generate 
what Is known as "shots" caused by poor attenuation, thereby making it impossible to conduct stable melt 

30 blowing. Any blending process may be employed insofar as it can disperse the polyolefin used finely and 
nearly homogeneously in PET. It is. however, desirable to employ, for the purpose of achieving uniform 
blending, a process which comprises melt kneading a blend of 2 groups of pellets mixed in a prescribed 
ratio, or a process which comprises kneading the 2 components and then pelletizing the kneaded mass. 
These processes do not require any special apparatus and can advantageously use the usual melt-blowing 

35 equipment for single-component fabrics. 

The process of the present invention can be practiced with the usual spinning head without any 
particular modification, such as narrowing the gap for blowing air. 

According to the process of the present invention, thanks to sufficient decrease in the melt viscosity of 
the blended polymer, stable melt blowing can be conducted at a high single orifice throughput of 0.2 to 1 .0 

40 g/min while a low pressure air of not more than 1 .0 kg/cm^ is used. A further decrease in the throughput 
can still assure stable melt blowing, but it leads to low productivity. On the other hand, with the single 
orifice throughput exceeding 1.0 g/min, sufficient attenuation cannot be achieved with the low pressure air 
unless the air Is used in a large amount. Such large amount of air. however, will cause the afore-described 
problem so that stable operation becomes difficult. It is preferred that the air pressure be at least 0.1 

45 kg/cm^. since lower one cannot assure sufficient attenuation. 

The temperature at which the polymers are melted and the spinning head temperature are preferably as 
low as possible and such that the melt viscosity of the entire blend at the spinning head becomes 200 to 
500 poises. 

The meltblown web thus obtained has an average fiber diameter of, varying depending on the single 
so orifice throughput, air pressure, spinning head temperature and like conditions though, generally not more 
than 10um. Webs of crystallized microfine fibers having an average fiber diameter of 1 to 3um can be 
produced stably. These meltblown webs heat shrink only to a small extent because of appropriate 
crystallization of PET fiber and generally have a dry heat shrinkage (areal shrinkage) as measured after 
heating with hot air at 120* C for 2 minutes of not more than 10%. 
55 According to the present invention, it has become possible to produce stably and at a low cost 
meltblown fabrics having good thermal resistance, dimensional stability, strength and hand. The nonwoven 
fabrics thus produced are effectively used for various applications such as waddings for clothing, heat- 
resistant filters and substrates for transdermatly delivered drugs. 
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Examples 

Other features of the invention will become apparent in the course of the following description of 
exemplary embodiments which are given for illustration of the invention and are not intended to be limiting 
5 thereof. In the Examples that follow, "parts" and mean "parts by weight" and "% by weight", 
respectively, unless otherwise specified. 

Examples 1 through 5 and Comparative Examples 1 and 2 

10 There were prepared blends in the form of pellets comprising a PET having an Intrinsic viscosity of 0.62 
and a polypropylene having a melt index of 200 in blending ratios as shown in Table 1. The blends were 
each heat melted through an extruder and extruded downwardly through a melt-blowing nozzle having a die 
width of 2.000 mm and having 2,001 orifices having a diameter of 0.3 mm and arranged In a line with a 
pitch of 1 mm. Heated air was jetted through an air gap having a clearance of 1 mm to attenuate the 

75 extruded masses and the fibers formed were collected on a wire net belt conveyer running horizontally 
below the die. to form meltblown webs. The webs thus obtained were tested for dry heat areal shrinkage at 
120 'C. The webs were also embossed at 180* C to a pressing area of 15% and then subjected to tensile 
test. The results are shown In Table 1. 
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As is apparent from Table 1, it is difficult* without blending PP, to obtain a nonwoven fabric having 
55 satisfactory properties with a low pressure air of not more than 1 kg/cm^. On the other hand, there were 
able to be obtained according to the present invention meltblown nonwoven fabrics having good dimen- 
sional stability and hand and sufficient strength. These nonwoven fabrics according to the present Invention 
exhibited, though not shown in the table, dry heat areal shrinkages even at 180" C for 2 minutes of not more 
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than 10%. thus proving their sufficient thernnal resistance. It Is also noted that, within the scope of the 
present invention, smaller blending ratio of PP leads to larger annount of required air and lower productivity 
and operation stability. 

Obviously, numerous modifications and variations of the present invention are possible in light of the 
5 above teachings. It is therefore to be understood that within the scope of the appended claims, the invention 
may be practiced otherwise than as specifically described herein. 

Claims 

10 1. A polyethylene terephthalate-based mellblown nonwoven fabric comprising a mixed polymer compris- 
ing 75 to 98% by weight of polyethylene terephthalate and 2 to 25% by weight of a polyolefin. 

2. A polyethylene terephthalate-based meltblown nonwoven fabric according to Claim 1. having a dry heat 
areal shrinkage at 120* C of not more than 10%. 

3. A polyethylene terephthalate-based meltblown nonwoven fabric according to Claim 1 or Claim 2. 
wherein the polyolefin is present, in the cross-section of the fibers, in the form of microfine Islands 
dispersed in the sea of the polyethylene terephthalate. 

20 4. A polyethylene terephthalate-based meltblown nonwoven fabric according to any of the Claims 1 to 3, 
wherein said polyolefin is polypropylene. 

5. A polyethylene terephthalate-based meltblown nonwoven fabric according to any of the Claims 1 to 3, 
wherein said polyolefin Is polyethylene. 

25 

6. A polyethylene terephthalate-based meltblown nonwoven fabric according to any of the Claims 1 to 3. 
wherein said polyolefin is polymethylpentene. 

7. A process for producing a polyethylene terephthalate-based meltblown nonwoven fabric according to 
30 any of the Claims 1 to 6, which comprises melt blowing a mixed polymer comprising 75 to 98% by 

weight of polyethylene terephthalate and 2 to 25% by weight of a polyolefin. 

8. A process for producing a polyethylene terephthalate-based meltblown nonwoven fabric according to 
Claim 7. wherein the melt blowing Is conducted under an air-jet pressure of 0.1 to 1.0 kg/cm^. 

35 

9. A process for producing a polyethylene terephthalate-based meltblown nonwoven fabric according to 
Claim 7, wherein the melt blowing is conducted at a single orifice throughput of 0.2 to 1 .0 g/min. 

10- A process for producing a polyethylene terephthalate-based meltblown nonwoven fabric according to 
40 Claim 7, wherein said mixed polymer is obtained by mixing the pellets of said 2 polymers. 

11. A process for producing a polyethylene terephthalate-based meltblown nonwoven fabric according to 
Claim 7, wherein said mixed polymer is obtained by melt blending of the pellets of said 2 polymers and 
then forming the resulting blend again into pellets. 

45 
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